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COPD is progressive disease

Adapted with permission from Fletcher C, Peto R. The natural history of chronic airflow 

obstruction. Br Med J. 1977;1(6077):1645–1648

Yawn et al. Int J Chron Obstruct Pulmon Dis. 2021:16 289–299



Natural course of COPD 

dyspnea

Exacerbation 
Deconditioning

physical intolerance 
Hospitalization

Systemic effects 
Hypoxemia

Respiratory failure
Pulmonary hypertension

Adapted with permission from Fletcher C, Peto R. The natural history of chronic airflow 

obstruction. Br Med J. 1977;1(6077):1645–1648



Variable prognosis in COPD

▪ COPD is a heterogeneous 

disorder with large variations. 

▪ Exacerbations become more 

frequent and more severe as 

COPD progress. 

▪ But, the prognosis of COPD 

is highly variable between 

patients.

Hurst JR et al. N Eng J Med. 2010; 363(12):1128-38

16% : no AE → any AE 

5% : no AE → frequent AE

5% : frequent AE → no AE



COPD is more than just a lung disorder

Chan et al. Pharmacol Ther. 2019;198:160-188.
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Goals for COPD management 

Goals for treatment of stable COPD

✓ Relieve symptoms 

✓ Improve exercise tolerance 

✓ Improve health status

✓ Prevent disease progression

✓ Prevent and treat exacerbation

✓ Reduce mortality 

Reduce symptoms Reduce risk  

And 

GOLD 2021 



Risk of exacerbation 

Hurst JR. N Eng J Med. 2010; 363(12):1128-38

2138 in ECLIPSE study

Exacerbation rates in the first year, per person 

0.85 1.34 2.00

➢ Previous exacerbation is the single best predictor 

of exacerbations, across all GOLD stages



Exacerbation and lung function loss 

• COPDGene

• change in lung function over 5 years 

• Exacerbation event data collected at 6 month intervals 

Dransfield MT, et al. Am J Respir Crit Care Med. 2017;195(3):324-330. 

➢ Exacerbations are associated with accelerated lung function loss in COPD, 

particularly those with mild disease 

➢ No significant FEV1 decline in GOLD stage 4 : possible survivor bias 



Effect of exacerbation on survival 

• Meta-analysis based on 6 studies

M. Hoogendoorn et al. Eur Respir J 2011;37(3):508-15.

▪ Case-fatality rate of 15.6%, ranging from 

11.4% to 19% for the individual studies. 

▪ Severe COPD exacerbation not only results 

in higher mortality risks during hospitalization, 

but also in the time-period after discharge 

and contributes substantially to total COPD 

mortality. 



Suissa S et al. Thorax. 2012;67(11):957-63.

Exacerbation increase the risk of further exacerbation 

▪ 1st hospitalization for COPD during 1990-2005 

(n=73,106), followed until 31 March 2007

▪ All COPD hospitalization occurring during 

follow-up were identified. 

▪ 50,580 died during the 17-year follow-up

✓ 50% mortality at 3.6 years

✓ 75% mortality at 7.7 years 



Frequent exacerbation & increased mortality 

J J Soler-Cataluña et al. Thorax 2005;60:925-931

No exacerbations

1-2 exacerbations

≥3 exacerbations

• Older age, HR 5.27, 95% CI, 1.75-15.93

• PaCO2, HR 1.07, 95% CI, 1.02-1.12

• Exacerbation 

1-2 events : HR 2.20, 95% CI 1.45 -3.33

≥3 events : HR 4.30, 95% 2.62-7.02



• COPDGene study

• 169 subjects diagnosed with lung cancer

• average follow-up of 5.7 years 

• NSCLC (n=98, adenoca (62%) > SqCC (17%)), SCLC (n=18)

• Association between SCLC histology and exacerbation 

• Exacerbation : OR 3.57 (95% CI 1.47 – 10)

• Frequent exacerbations : OR, 4.0 (95% CI 1.58 - 10.75)

Impact of exacerbation on lung cancer 

Carr LL, et al. CHEST 2018; 153(6):1326-1335



Effect of exacerbation on health care utilization 

• Data from US national health plan during Jan 1, 2007 to Dec 31, 2012, aged 40-89 years, N=52,459 patients

• 26.3% had one, 9.5% had two, and 8.5% had ≥three exacerbations in the 24-month follow-up period

Dhamane AD, et al. Int J Chron Obstruct Pulmon Dis. 2015:10 2609–2618



FEV1 decline

• Copenhagen City Heart Study : FEV1 change for 18 years 

Lange P et al. Lancet Respir Med 2016; 4: 454–62

▪ 6 subgroups (n=8382) 

• healthy never-smoker (n=2199)

• ever-smoker (n=5435)

• asthma with low smoking exposure & no AFL (n=158)

• COPD (n=320)

• ACO with early onset asthma (n=68)

• ACO with late-onset asthma (n=202)

▪ Multivariable-adjusted decline in FEV1 in COPD 

is much faster than healthy, asthma, ACO with 

early asthma onset 



FEV1 decline & exacerbation risk 

• 2,138 COPD patients in ECLIPSE cohort 

• 670 (31%) had a total of 1,452 severe COPD exacerbations 

Mullerova H, et al. Chest. 2015;147(4):999-1007.



Severity of AFL & mortality

• 15,632 patients from 22 COPD cohorts, mortality within 10 years 

Soriano JB, et al. Lancet Respir Med. 2015;3(6):443-50.

2007 GOLD 2011 GOLD 

✓ However, FEV1 by itself lacks sufficient precision to be used clinically as a predictor of 

exacerbation or mortality in patients with COPD



Pneumonia in COPD 

▪ Risk of CAP is higher in COPD patients than in the general population, particularly in aged 

over 65 years with severe COPD 

- 8% (3,149 of 40,414 COPD patients) experienced pneumonia, IR 22.4 per 1000 person years 

- OR for CAP occurrence 1.28 and 1.86 in patients aged over 65 and 80 years

▪ 19% of CAP patients had COPD & 10% of CAP patients led to the new diagnosis of COPD

- longer hospital stay, increased ICU admission, and mortality 

Pifarre et al. Respir Med. 2007;101(10):2139-44.

Mullerova H et al. Respir Med 2012; 106(8):1124-1133.



Copenhagen City Heart Study : hospital admission for exacerbation or pneumonia for 22 years

Risk of hospital admission 

Lange P et al. Lancet Respir Med 2016; 4: 454–62



Pathogenesis of COPD and pneumonia 

▪ COPD itself

✓ impaired lung defence (e.g. reduced mucociliary clearance, disruption of epithelial barrier and reduced repair) 

✓ inflammation : mediators involved in both COPD and pneumonia such as IL-1, IL-6, IL-8, MMP-8, MMP-9

✓ Immune system : activated CD8+ cytotoxic T cells   

✓ increased tracheobronchial microbial colonization 

✓ α1-antitrypsin deficiency

▪ Shared risk factors : age, smoking 

▪ ICS use 

✓ Suppression of the cellular and humoral arms of immunity (e.g. decreased phagocytosis and production of NO 

by alveolar macrophages) 

Gautam SS et al. COPD. 2016;13(6):790-798. 



Is COPD associated with increased risk of pneumonia & 
morbidity/mortality ? 

Jiang HL et al. Respirology (2015) 20, 1046–1054

Meta-analysis of 11 studies involving 257,958 patients

Yang IA. Cochrane Database Syst Rev. 2012;(7):CD002991.

Meta-analysis of 55 studies involving 16,154 patients

Greater than 1000 µg of 

BDP equivalent/day

➢ intra-class difference

➢ dosage

Con  
Pro



Risk of pneumonia with different ICS

Meta-analysis of 18 RCTs (n=49,828)

FP >FF/salmeterol >  BUD/Formoterol ＝ BDP/Formoterol

Zhagn et al. COPD. 2020;17(4):462-469.



Initial pharmacological treatment

≥2 or ≥ 1 

leading to 

hospital 

admission

0 or 1 

(not to leading 

to hospital 

admission)

Exacerbation 

history 

Symptoms 
mMRC 0-1

CAT < 10

mMRC ≥ 2

CAT  ≥ 10

C D

A B

LAMA

LAMA or

LAMA + LABA * or 

ICS+LABA**

* Consider if highly symptomatic (CAT>20)

** Consider if eos ≥300 or history of asthma

Bronchodilator

(short or long acting)

A long-acting bronchodilator 

(LABA or LAMA)

GOLD 2021



Pneumonia risk : Triple vs ICS/LABA vs LABA/LAMA

• Inclusion : age≥40, CAT ≥10 and either 

- FEV1<50% pred & ≥ 1 mod or sev AE 

- FEV1 50-80% pred & ≥2 mod or ≥1 sev AE 

► Mean CAT score: 20.1± 6.1

• Single Ellipta inhaler, DPI, 52wks, N=10,355

• FF/VI/UMEC 100/25/62.5 µg vs  FF/VI  vs VI/UMEC  (n=4151 vs 4134 vs 2070) 

• Primary endpoint: moderate to severe AE 

IMPACT trial 

Lipson DA et al. N Engl J med 2018;378:1671-80.

ARI 2.67% 

NNH 37.5



Lung cancer and COPD 

▪ RR for lung cancer

✓ Previous history of COPD : RR of 2.22 (95% CI, 1.66-2.97) from 16 studies 

✓ chronic bronchitis: RR of 1.52 (95% CI, 1.25-1.84) from 23 studies 

✓ Emphysema : RR of 2.04 (95% CI, 1.72-2.41) from 20 studies

➔ RR for combined disease of 1.80 (95% CI, 1.60-2.11) from 39 studies 

Lambert AA, et al. Chronic Obstr Pulm Dis. 2016;3(1):459-465.

Brenner DR et al. PLoS One. 2011;6(3):e17479.

Corriveau et al. BMC Cancer (2021) 21(1):14 

▪ ICES-derived public healthcare data (2002-2014) of 105, 304 subjects diagnosed with lung cancer 

✓ Spirometry was taken in 90.6% in stage I-II vs 54.4% in stage III-IV lung cancer 

✓ previous COPD diagnosed in 34.9%

➔ over 1/3 of individuals with lung cancer had a prior diagnosis of COPD. 



Pathogenetic links between COPD and lung cancer

Szalontai K et al. J. Clin. Med. 2021, 10(13), 2889

Houghton AM. et al. Nat Rev Cancer. 2013;13(4):233-45. 

▪ Genetic susceptibility 

(e.g. SERPINA, HHIP, FAM13A, CHRNA3,5)

▪ Epigenetic change (e.g. RASSF1A, MGMT, CDKN2A, RB1)

▪ Cell cycle regulation

▪ Chronic inflammation

▪ Oxidative stress

▪ Epithelial-mesenchymal transition (EMT) 

▪ Telomere shortening 



Lung cancer risk 

• 13,939 current-or former smokers aged from 55-74years from the National Lung Cancer Screening Trial (NLST) 

Charokopos AS, et al. Ann Am Thorac Soc. 2021;18(11):1894-1900.

IRR of ACO 
compared with 



Lung cancer incidence in never smoker COPD

• National Health Insurance Service (NHIS) Cohort, 338,548 subjects, 40-84 years of age

• Median 7 years follow-up 

• 1,834 subjects developed lung cancer : 1544 in non COPD (incidence rate 0.47 per 1000 person-years), 290 in 
COPD (incidence rate 4.9 per 1000 person-years) ➔ aHR 3.12 (2.66-3.65)   

Park HY, et al. Thorax 2020;75:506–509.

Incidence for lung cancer Incidence rate 

(per 1,000 person-

years)

aHR (95% CI)

Never smoker, non-COPD 0.5 Reference

Never smoker, COPD 3.0 2.67 (2.09 - 3.40)

Ever smoker, non-COPD 1.2 1.97 (1.75 - 2.21)

Ever smoker, COPD 9.5 6.19 (5.04 - 7.61)



Features of COPD as predictors of lung cancer 

• Nested case-control study of COPDGene study

• 45-80 years of age, at least 10-pack years smoking history

• Over 8 years of follow-up

• 169 subjects diagnosed with lung cancer, average follow-up of 5.7 years 

Carr LL, et al. CHEST 2018; 153(6):1326-1335



Impact of COPD on lung cancer treatment and survival

• ICES-derived COPD cohort (2002 to 2014)

• In total 105,304 subjects with lung cancer, 43,375 (41%) had stage data & 36,738 (34.9%) had COPD

Goffin JR et al. PLoS One. 2021;16(5):e0251886.

Overall survival was worse among those with COPD

: HR 1.20, 95% CI 1.19-1.22

▪ In Stage I/II Lung cancer

✓ Less surgery : 56.8 vs 65.9% 

✓ Less adj CTx : 15.4 vs 17.1%

✓ More Radiation : 26.0 vs 21.8%

▪ In stage III/IV Lung cancer 

✓ less CTx : 55.9 vs 64.4% 

✓ Less Radiation : 42.5 vs 47.5%

p for all <0.001



Impact of emphysema on lung cancer survival 

Zulueta JJ et al. CHEST 2012; 141(5):1216–1223

➢ Visual assessment of emphysema on CT scan is a significant predictor of 

death from lung cancer
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Interrelationships between COPD, comorbidities, and 
systemic outcome

• Comorbidities

• Extra-pulmonary or non-pulmonary manifestations

• Extra-pulmonary complications

• Systemic consequences of COPD 

• Complicates the management of COPD 

• Increases morbidity and mortality of COPD 

DD Sin et al. Eur Respir J 2006; 28: 1245–1257

Rabinovich RA. Br J Hosp Med. 2011 Mar;72(3):137-45.

COPD

Comorbidity

Systemic consequence 
or outcome

Association 

Cause 

Contribution  



Link between COPD and systemic manifestations

• Nor clearly understood, multifactorial 

• Systemic inflammation

• Inactivity / deconditioning 

• Hypoxemia, hypercapnia

• Malnutrition, electrolyte/fluid imbalance 

• Endocrine disturbances: low testosterone, low IGF-1, GH resistance 

• Suppression of erythropoiesis 

• Risk factors for COPD : smoking, genetic pre-disposition

• Side-effects of treatments for COPD : steroids either inhaled or systemic, bronchodilators 

Decramer M, et al. COPD. 2008;5(4):235-56.



Prevalence 

Smith MC, Wrobel JP. International Journal of COPD 2014:9 871–888

Yin HL et al. Medicine. 2017;95(19):e6836.

Meta-analysis of 11 studies 

(47,695,183 COPD vs 47,924,876 non-COPD control) 



Impact of comorbidities on mortality 

• 1,664 COPD patients, mean 6 comorbidities 

Divo M et al. Am J Respir Crit Care Med. 2012;186(2):155-61.

Smith MC, Wrobel JP. International Journal of COPD 2014:9 871–888

Comorbidome

Impact on the mortality risk 
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Cardiovascular disease and COPD 

Risk of mortality : inter-relation

Potential interactions

Chen W et al. Lancet Respir Med 2015; 3: 631–39

Fabe KF et al. Eur Respir Rev 2018; 27: 180057

Meta-analysis of 27 studies 



β-receptor on cardiovascular and respiratory system 

β1

β2

Effect of β-agonists ✓ Increased inotropy and 

chronotropy

✓ Bronchodilation 

✓ Vasodilation 

Effect of β-blockers ✓ Reduction in HR, contractility 

and Cardiac output 

✓ Beneficial in heart disease 

(heart failure, ischemic heart 

disease) 

✓ Risk of bronchoconstriction

✓ Risk of vasoconstriction or 

worsening of ischemia 

Baker JG, Wilcox RG. Thorax 2017;72:271–276.

Selective β-blockers Non-selective β-blockers 

✓ Atenolol

✓ Metoprolol

✓ Carvedilol

✓ Nebivolol

✓ Propranolol

✓ Nadolol

✓ Sotalol

Concerns about β-blocker use in COPD



β-blocker in patients with COPD and CVD  

Meta-analysis of 49 studies

Effect of BB on outcomes in patietns with COPD with CVD  

Yang YL et al. European Heart Journal (2020) 41, 4415–4422

Gulea et al. Respir Res (2021) 22:64

Mart TD et al. N Engl J Med 2019; 381:2304-2314

Meta-analysis of 37 studies, COPD with and without CVD

✓ β-blocker use was associated with an overall reduced risk of AECOPD 

versus no therapy (HR 0.77, 95% CI 0.70-0.85)

✓ Only propranolol was associated with a relative reduction in FEV1 versus 

placebo 



LABA

▪ Stimulation of sympathetic drive

▪ Increase heart rate

▪ Reduce K concentration 

➔ risk of CVD and arrhythmias 

➢ SUMMIT study (n=23,835)

✓ Cardiac event 17% in placebo, 18% in FF/vilanterol, 17% in FF, 

17% in Vilanterol group 

❖ Decrease IC & hyperinflation

❖ Improve dyspnea and oxygen delivery

❖ RV compliance 

LAMA

▪ Inhibition of parasympathetic drive 

➔ Arrhythmogenic

➢ UPLIFT study (n=5993)

✓ Cardiac mortality, HR = 0.86 (95% CI, 0.75-0.99)

❖ Improve hyperinflation

❖ Improve vascular stiffness

Lancet 2016;387:1817-26.

Int J Chron Obstruct Pulmon Dis 2015;10:1917-23.

Thorax 2010;65:588-93.

Am J Respir Crit Care Med 2009;180:948-55.

Respir Med 2007;101:2017-24.

Chest 2014;146:1521-30.

ICS

▪ Precipitating atherogenesis vs recovery of vascular endothelium 

and occlusion 

➢ TORCH study (n=6184)

✓ Cardiovascular event 24.2% in placebo, 22.7% in salmeterol, 

24.3% in FP, 20.8% in FP/Salmeterol group 

Impact of COPD treatment on CVD

Thorax 2010;65:719-25

✓ Caution for arrhythmias is needed for high dose theophylline 

(serum concentration >30mg/L) , However, daily dose of 

400mg reached serum concentration around <15 μg/ml and 

didn’t related to cardiac adverse events CHEST 1990;98(3):672-8.

Resp Med 2004;98(10):1016-24.



Pulmonary hypertension (PH) in COPD  

▪ Prevalence of COPD-PH

✓ Severity of the disease

✓ Definition of PH

✓ Method of diagnostic assessment. 

➢ GOLD stage IV : 90% have mPAP >20 mmHg 

➢ 1-5% of COPD have mPAP >35-40mmHg at rest 

Chaouat A et al. Am J Respir Crit Care Med 2005; 172: 189–194.

Blanco I et al. Int J Chron Obstruct Pulmon Dis. 2020;15:1315-1324.



Impact of COPD-PH on exacerbation 

COPDGene study

PA:A > 1 (n=819) vs PA:A ≤ 1 (n=2,645)

Wells JM et al. N Engl J Med. 2012;367(10):913-21.

➢ Pulmonary artery enlargement (PA:A ratio of >1) was associated with severe exacerbation of COPD 



• 362 COPD patients referred for lung transplantation 

• Definition of PH by cardiac catheterization : mPAP >25 mmHg & PAOP <16mmHg 

• Prevalence of PH : 23%

Impact of COPD-PH on exercise function

Sims MW et al. CHEST 2009; 136:412–419

Higher mPAP was associated with 

✓ Lower FVC & FEV1

✓ Higher Pco2, lower Po2

✓ More Rt heart dysfunction 

Higher mPAP was associated with shorter 6MWD 

: -11 m for every 5 mmHg rise in mPAP

(95% CI, -21 to -0.7; p=0.04)



998 COPD patients with chronic respiratory failure underwent Rt heart catheterization 

27 had Ppa ≥ 40 mmHg : 11 attributed to COPD after exclusion of other cause of PH 

Impact of COPD-PH on mortality 

Chaouat A et al. Am J Respir Crit Care Med 2005; 172: 189–194.



PAH targeted therapy in COPD-PH

Worsen VQ matching 

by pulmonary 

vasodilation ?  Are medications designed 

to treat iPAH capable of 

improving hemodynamics 

in PH-COPD ? 



▪ Exercise capacity : mixed results 

➢ Improvement in 6MWD 

➢ Failed to show any improvement in 6MWD 

▪ QoL or dyspnea : limited

➢ Improvement in BODE score 

➢ Failed to show any improvement 

Effect of PAH-targeted therapy on COPD-PH 

Meta-analysis (9 trial involving 365 patients – 2 bosentan, 7 sildenafil) : Chen X, et al. J Thorac Dis. 2015;7 (3):309–319.
RCT of 16 patients (bosentan) : Valerio G, et al. Ther Adv Respir Dis. 2009;3(1):15–21.

RCT of 30 patients (bosentan): Stolz D et al. Eur Respir J. 2008;32(3):619-28. 
RCT of 15 patients (sildenafil): Rietema H et al. Eur Respir J 2008;31(4):759-64.

Meta-analysis (7 trials – 3 sildenafil, 2 bosentan, 1 tadalafil, 1 ambrisentan): Prins KW et al. Pulm Circ. 2017;7(1):145-155.

Meta-analysis (9 trial involving 365 patients – 2 bosentan, 7 sildenafil) : Chen X, et al. J Thorac Dis. 2015;7 (3):309–319.

RCT of 28 patients (sildenafil): Vitulo P et al. J Heart Lung Transplant. 2017;36(2):166-174.  

Vizza CD et al. Chest. 2021;160(2):678-689.

5-yr survival of IPAH and PH-COPD 5-yr survival of PH-COPD with and without treatment response

Total Severe PH moderate PH

▪ Comparative, Prospective Registry of Newly Initiated Therapies for Pulmonary Hypertension (COMPERA) 

✓ PH-COPD group was functionally more impaired and had a poorer outcome than IPAH group 

✓ Risk factors for poor outcome in PH-COPD 

: male sex (RR 1.54), low 6MWD (per 10m, RR 0.97), and high PVR (per 1 Wood unit, RR 1.06)

✓ Responder (improvement in 6MWD by ≥ 30m or WHO FC) → better outcomes 



Safety of PAH-targeted therapy on COPD-PH 

▪ Effects on gas exchange 

✓ Inhaled NO : worsen 

✓ Bosentan : worsen (↓pO2, ↑A-a gradient)

✓ Sildenafil : worsen (↓pO2, ↑A-a gradient)

✓ Prostanoids

- Epoprostenol i.v. inj : worson (↓pO2) 

- iloprost inhaled : no effect 

Barberà JA, Blanco I. Drugs. 2009;69(9):1153-71.

RCT involving 10 patients: Lederer DJ et al. COPD. 2012;9(3):268-75.

RCT involving 30 patients: Stolz D et al. Eur Respir J 2008; 32: 619–628

RCT involving 16 patients: Archer SL et al. Chest. 1996;1009(3):750-5.

RCT involving 67 patients: Wang L et al. Int J Chron Obstruct Pulmon Dis. 2017;12:3353-3360.

Li Y et al. Am J Transl Res 2021;13(10):11522-11530.

Bosentan + sildenafil (n=50)

Bosentan + iloprost (n=40)

Lancet 1996;347(8999):436-40, Am J Respir Crit Care Med 1997;156:800-6, Thorax 1997;52(2):120-4.



▪ Long-term oxygen therapy 

✓ Indication : PaO2 55-60 mmHg, or SaO2 of 88%, evidence of PH, CHF, polycythemia 

➢ In stabilized hypoxemic COPD patients, LTOT for 

• 15 h/day:  prevents the progressive increase of PAP

• >18 h/day: slight decrease of PAP 

• LTOT is the most appropriate treatment for PH-COPD associated with respiratory failure, although it has little 
impact on pulmonary hemodynamics and does not reverse the pathological lesions of the pulmonary circulation. 

▪ Exercise rehabilitation 

• Improve exercise capacity, irrespective if patients received sildenafil or placebo  

▪ Transplantation 

Recommendation for PH-COPD for better outcome  

GOLD 2021

Long-term Oxygen Treatment Trial Research Group. N Engl J med. 2016;375(17):1617-1627.

Grunig E et al. Eur Respir J. 2019;53(2):1800332.



Morphological and structural alteration in limb muscle of COPD 

Maltais F et al. Am J Respir Crit Care Med. 2014;189(9):e15-62.

Jones SE et al. Thorax. 2015;70(3):213-8.

Clin Pulm Med 2007;14(3):117–26

Am J Respir Crit Care Med 2010;182(4):477–88

Am J Respir Crit Care Med 2015;191(6):620-625

Thorax 2011; 66(11): 961–969

▪ Prevalence : higher than general population, 15% to 55%

▪ Suggested mechanism of sarcopenia in COPD 

✓ Effect of tobacco

✓ Disuse, inactivity 

✓ Poor peripheral oxygenation

✓ Inflammation triggering of the muscle proteolysis

✓ Oxidative stress

✓ Hypercapnia 

✓ Diminished effect of anabolic hormones (GH, T)

✓ Corticosteroids

✓ Malnutrition

✓ Vit D deficiency



Impact of sarcopenia in COPD 

Martinez CH et al. Ann Am Thorac Soc. 2017;14(11):1638-1645.

Vestbo J et al. Am J Respir Crit Care Med 2006;173(1):79–83 

COPDGene cohort with handgrip strength (n=272) 

- HGS showed correlation with body composition 

markers on chest CT 

- Lower the HGS, higher the exacerbation risk  

COPD in Copenhagen general population cohort (m=1899)

- Low FFMI in more severe COPD

- Increased risk of mortality in low FFMI group 



Impact of sarcopenia therapy on COPD 

Treatment Mass Strength
Exercise 

tolerance
QoL Dyspnea Survival Background 

Exercise Favorable Favorable Favorable Favorable Favorable Eur Respir J 2012; 40(2):338-44

123-125, 121, 126

Supplemental 

oxygen

Favorable Favorable Emtner M et al. Am J Respir Crit Care Med. 

2003;168(9):1034-42.

Maltais F et al. Am J Respir Crit Care Med 

2014;189(9):e15-62

Nutrition + exercise Favorable Favorable Favorable Creutzberg EC et al. Nutrition

2003;19:120–127

Van Wetering CR et al. J Am Med Dir Assoc 2010;11:

179–187.

Nutrition + exercise + 

anabolic hormone 

supplementation

Favorable Favorable Favorable Favorable Favorable Pison CM et al. Thorax 2011;66:953-960

Rondanelli M et al. Am J Clin Nutr. 2016;103(3):830-40

Anabolic steroids Favorable Favorable Favorable Favorable Pan L et al. PLoS One. 2014 Jan 10;9(1):e84855.

Creutzberg EC et al. Chest. 2003;124(5):1733-42

Growth hormones Favorable Pape GS et al. Chest. 1991 99(6):1495-500.

Maltais F et al. Am J Respir Crit Care Med. 2014 May 

1;189(9):e15-62.

Ghrelin Favorable Favaroble Favorable Passey SL et al. 2016 Oct;166:56-70.

White HK et al. J Clin Endocrinol Metab 2009;94:1198–

1206

Myostatin inhibition Favorable Rolkey MI et al. Am J Respir Crit Care Med. 

2019;199(3):313–320. 

Vitamine D Favorable Bauer JM et al. J Am Med Dir Assoc 2015;16(9):740-7



Neuromuscular electrical stimulation (NMES) 

• Electrical stimulation of isolated muscle, evoking involuntary contraction

• Portable, non-invasive and Passive form of exercise training

• Add-on interventions during pulmonary rehabilitation 

Vanfleteren LEGW, et al. Respirology. 2019;24(9):899-908

Passey SL et al. Pharmacol Ther. 2016 Oct;166:56-70



Depression, anxiety 

▪ Prevalence : 19.6% in the mild to moderate group, 25% in the severe group, F > M

▪ Clinical importance 

✓ Impaired QoL, reduced social interaction 

✓ Impaired exercise capacity, increased physical disability

✓ Increased exacerbation risk

✓ Increase health care utilization rates and costs

✓ Increased mortality risk

Yohannes AM et al. Eur Respir Rev. 2014;23(133):345-9



Depression, anxiety 

Coventry PA et al. J Psychosom Res. 2007;63(5):551-65.

Vozoris NT et al. Eur Respir J. 2018 Jul 27;52(1):1800475.

Yohannes AM et al. Drugs Aging (2014) 31:483–492

Panagioti M et al. Int J Chron Obstruct Pulmon Dis. 2014;9:1289-306.

➢ Comprehensive pulmonary rehabilitation : effective

➢ Cognitive behavioral therapy : effective 

➢ Multi-component exercise training : effective

➢ Anti-depressant drugs : inconclusive 



Trends of global mortality 

The top 10 causes of death from WHO



Mortality risk of COPD and reduced lung function 

Guo G et al. Respiratory Medicine 184 (2021) 106471



Effect of emphysema on mortality 

Zulueta JJ et al. CHEST 2012; 141(5):1216–1223

• Emphysema was assessed with Low-dose CT 

scan in 9,047 subjects

• Age, pack-year, smoking status adjusted HR, 9.3

▪ Extent of emphysema 

✓Mild (1,908, 21%) : HR 3.2 (1.2-8.3)

✓Moerate (512, 6%) : HR 22.3 (9.5-52.3)

✓Marked (217, 2%) : HR 34.7 (13.69-86.6)



Copenhagen City Heart Study : respiratory and all cause mortality for 22 years

Risk of mortality depending on COPD phenotype

Lange P et al. Lancet Respir Med 2016; 4: 454–62



Causes of Death in COPD 

Smoking cessation

Usual care

Anthonisen NR et al. Ann Intern Med. 2005;142(4):233-9

35%

27%

21%

10%

8%

Respiratory

Cardiac

Cancer

Other

Unknown

TORCH causes of death 

Of total 6,184 patients, 911 died 

Anthonisen NR et al. Ann Intern Med. 2005;142(4):233-9

40% of death were definitely or probably related to COPD 

Lung Health Study, 14.5 year mortality 

Of total 5,887 patients, 731 died 



Personalized approaches to COPD: where are we ? 

➢For COPD related mortality : BODE index, CODEX index

➢Acute exacerbation prediction tool 

➢Prediction of all-cause mortality by machine learning



BODE index : prediction tool for mortality and exacerbation 

Celli BR et al. N Engl J Med 2004;350:1005-12

Death from any cause : HR 1.34

Death from respiratory causes : HR 1.62 

Marin JM et al. Respiratory Medicine (2009) 103, 373-378

Mean time to the first exacerbation : 7.9, 5.7, 3.4 and 1.3 yrs for 

BODE index 0-2, 3-4, 5-6, and 7-10

Prediction of mortality Prediction of risk of exacerbation

Variable / point 0 1 2 3

B : BMI > 21 ≤21

O : FEV1 % pred ≥ 65 50-64 36-49 ≤ 35

D : mMRC 0-1 2 3 4

E : 6MWD, m ≥ 350 250-349 150-249 ≤149



CODEX index : prediction tool for mortality and readmission

Almagro P et al. CHEST 2014; 145(5):972–980

Variable / point 0 1 2 3

C : Charlson comorbidity 

index

0-4 5-7 ≥8

O : FEV1 % pred ≥ 65 50-64 36-49 ≤ 35

D : mMRC 0-1 2 3 4

EX : Exacerbation 0 1-2 ≥3

Mortality at 3mo : HR 1.5

Mortality at 1yr : HR 1.3



The Acute COPD Exacerbation Prediction Tool (ACCEPT)

Adibi A et al. Lancet Respir Med. 2020;8(10):1013-1021.

All COPD patients

≥
 2

 A
E

 

COPD with an AE history 

≥
 1

 s
e
v
e
re

 A
E

 

➢ ACCEPT showed better performance for 

all exacerbations regardless of severity 

compared to the predictive ability of 

“previous history of exacerbation”



Machine learning and prediction of mortality 

• Training cohort : COPDGene (n=1,974)

• Test cohort : COPDGene (n=658) & ECLIPSE (n=1,268) 

Moll M et al. CHEST 2020; 158(3):952-964



COPDGene Mortality Risk Calculator

The model is available online at: https://cdnm.shinyapps.io/cgmortalityapp/.



Summary

• COPD is a progressive and multicomponent disease

• Pulmonary and extra-pulmonary manifestations contribute to course of COPD 

• The treatment of COPD is no longer focused exclusively on inhaled therapy but is taking 

on multidimensional approach. 

Lung function decline

Symptoms, Exacerbation

Decreased exercise capacity 

Deteriorating health status   

Functional declining 

Increased mortality 

Airway inflammation 

Structural alterations

Airflow limitation 

Systemic components



Thank you 
for your attention !


